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(54) LEVEL CONVERSION CIRCUIT AND FINGERPRINT RECOGNITION DEVICE

(57)  Some embodiments of the application provide
a level shift circuit and a fingerprint identification device.
The level shift circuit comprises a complementary signal
generating unit, a high voltage pulse generating unit and
a shift and latch unit; the high voltage pulse generating
unitis connected to the complementary signal generating
unitand the shift and latch unit; the complementary signal
generating unit is used to receive a target signal at a low
voltage domain and output a complementary signal of
the target signal and the target signal; the high voltage

pulse generating unit is used to generate a high voltage
pulse according to the target signal and complementary
signal; the shift and latch unit is used to shift the target
signal from the low voltage domain to a high voltage do-
main when a high voltage pulse is generated, and is used
to latch and output the target signal at the high voltage
domain. By applying the embodiments of this application,
a circuit may transmit a target signal at a high speed
without any static power consumption.

SVDD

:s’iED ] /0

Eﬂ ~e—\VOUT

(SGND

7
/
T7m

VIN

FIG. 2

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 435 544 A1 2

Description

TECHNICAL FIELD

[0001] The present disclosure relates to circuit design
technologies and, more particularly, to a level shift circuit
and a fingerprint identification device using the level shift
circuit.

BACKGROUND

[0002] In electronic circuit design, a problem that input
and output logic voltage domains are different often oc-
curs in a system, which increases complexity of the sys-
tem design. For example, when a digital circuit of 1.8V
communicates with an analog circuit working at 3.3V, a
shift problem between two levels needs to be solved, and
a level shift circuit is hereby needed to realize level shift.
The level shift circuit is also called a level shifter.
[0003] However,thereis aproblem for a traditional lev-
el shift circuit that its static power consumption is high
while its signal transmission speed s low, which will affect
an overall performance of an electronic device (e.g., a
fingerprint identification device) using the level shift cir-
cuit.

SUMMARY

[0004] Some embodiments of the present disclosure
aim to provide a level shift circuit and a fingerprint iden-
tification device, which may effectively reduce static pow-
er consumption while transmitting a target signal at a high
speed.

[0005] An embodiment of the present disclosure pro-
vides a level shift circuit, including: a complementary sig-
nal generating unit, a high voltage pulse generating unit,
and a shift and latch unit; the complementary signal gen-
erating unit is used to receive a target signal at a low
voltage domain and output a complementary signal of
the target signal and the target signal; the high voltage
pulse generating unit includes a first transistor, a second
transistor, a first high voltage transistor, a second high
voltage transistor, a first phase inverter, a first delay, a
second phase inverter and a second delay; sources of
the first transistor and second transistor are grounded,
and gates thereof are used to receive the complementary
signal and the target signal respectively; the first delay
receives the complementary signal through the first
phase inverter and the second delay receives the target
signal through the second phase inverter; sources of the
first high voltage transistor and second high voltage tran-
sistor are respectively connected to drains of the first
transistor and second transistor, gates thereof are re-
spectively connected to the first delay to receive the tar-
get signal and the second delay to receive the comple-
mentary signal, and drains thereof are respectively used
to generate high voltage pulses; the shift and latch unit
is used to shift the target signal from a low voltage domain
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to a high voltage domain when the high voltage pulse is
generated, and is used to latch and output the target sig-
nal at the high voltage domain.

[0006] An embodiment of the present application also
provides a fingerprint identification device, including: a
control circuit, a fingerprint sensing chip and the afore-
mentioned level shift circuit; the level shift circuit is con-
nected between the control circuit and the fingerprint
sensing chip; the control circuit is used to generate a
target signal at the low voltage domain; the level shift
circuit is used to receive the target signal at the low volt-
age domain and output a target signal at the high voltage
domain to the fingerprint sensing chip.

[0007] Compared with existing technologies, in the
present application, in a static state the first transistor
and the first high voltage transistor are not be in an ON
state at the same time., Thus, there is no turn-on current
in the branch where the first transistor and the first high
voltage transistor belong. Correspondingly, the second
transistor and the second high voltage transistor are not
be in the ON state at the same time, and there is no turn-
on currentin the branch where the second transistor and
the second high voltage transistor belong. Therefore, the
circuit can transmit the target signals at a high speed
without any static power consumption.

[0008] Moreover,the shiftandlatch unitincludes athird
to a sixth transistors; sources of both the third transistor
and fourth transistor are grounded, drains thereof are
connected to drains of the fifth transistor and the sixth
transistor, and sources of the fifth transistor and six tran-
sistor are connected to a voltage source; gates of the
third transistor and fifth transistor are connected to the
drain of the sixth transistor, and gates of the fourth tran-
sistor and sixth transistor are connected to the drain of
the fifth transistor; at least one of the drain of the fifth
transistor and the drain of the sixth transistor forms an
output terminal of the shift and latch unit to output the
target signal at the high voltage domain. This embodi-
ment provides a particular structure of the shift and latch
unit.

[0009] Moreover, the shift and latch unit also includes
a seventh transistor and an eighth transistor, sources of
both the seventh transistor and eighth transistor are re-
spectively connected to the drains of the third transistor
and fourth transistor, and drains and gates of the seventh
transistor and eighth transistor are grounded. In this em-
bodiment, the shift and latch unit has the seventh tran-
sistor and the eighth transistor preventing the voltages
of the third transistor and fourth transistor from being re-
duced too much so as to protect the second transistor
and the third transistor.

[0010] Moreover, the complementary signal generat-
ing unitincludes a third phase inverter and a fourth phase
inverter connected in series; an input terminal of the third
phase inverter is used to receive the target signal at the
low voltage domain, an output terminal of the third phase
inverter is connected to the gate of the first transistor and
the first phase inverter, and the output terminal of the
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third phase inverter is used to output the complementary
signal; an output terminal of the fourth phase inverter is
connected to the gate of the second transistor and the
second phase inverter, and the output terminal of the
fourth inverter is used to output the target signal. This
embodiment provides a particular implementing method
of the complementary signal generating unit.

[0011] Moreover, the shiftand latch unitincludes a first
shift branch, a second shift branch and a sub-latch unit;
input terminals of the first shift branch and second shift
branch are respectively connected to the voltage source,
shift terminals thereof respectively connected to the
drains of the first high voltage transistor and second high
voltage transistor so as to shift the target signal from the
low voltage domain to the high voltage domain; the sub-
latch unit connects the shift terminals of the first shift
branch and the second shift branch, so as to latch and
output the target signal at the high voltage domain. This
embodiment also provides another structure of the shift
and latch unit.

[0012] Moreover, the first shift branch includes a third
high voltage transistor and the second shift branch in-
cludes a fourth high voltage transistor; sources of the
third high voltage transistor and fourth high voltage tran-
sistor are connected to the voltage source, gates thereof
are grounded, and drains thereof are respectively con-
nected to the drains of the first high voltage transistor
and second high voltage transistor and serve as shift
terminals of the first shift branch and second shift branch.
This embodiment provides a specific structure of the shift
branches.

[0013] Moreover, the first shift branch includes a fifth
high voltage transistor and a ninth high voltage transistor,
and the second shift branch includes a sixth high voltage
transistor and a tenth transistor; drains of the fifth high
voltage transistor and sixth high voltage transistor are
respectively connected to the drains of the first high volt-
age transistor and second high voltage transistor, gates
thereof are grounded; sources of the ninth transistor and
tenth transistor are connected to the voltage source,
gates thereof are grounded, and drains thereof are re-
spectively connected to sources of the fifth high voltage
transistor and sixth high voltage transistor and respec-
tively form the shift terminals of the first shift branch and
second shift branch. This embodiment provides another
particular structure of the shift branch, wherein the ninth
transistor and tenth transistor respectively protect the fifth
high voltage transistor, the sixth high voltage transistor
as well as the sub-latch unit.

[0014] Moreover, the sub-latch unit includes an elev-
enth to a fourteenth transistors and afifth to a tenth phase
inverters; input terminals of the fifth phase inverter and
sixth phase inverter are respectively connected to the
shift terminals of the first shift branch and second shift
branch, and input terminals of the seventh phase inverter
and eighth phase inverter are respectively connected to
outputterminals of the fifth phase inverter and sixth phase
inverter; and drains of the eleventh transistor and twelfth
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transistor are connected, and gates thereof are respec-
tively connected to output terminals of the seventh phase
inverter and sixth phase inverter; drains of the thirteenth
transistor and fourteenth transistor are connected, and
gates thereof are respectively connected to output ter-
minals of the fifth phase inverter and eighth phase invert-
er; sources of the eleventh transistor and fourteenth tran-
sistor are both connected to the voltage source, and
sources of the twelfth transistor and thirteenth transistor
are both grounded; the ninth phase inverter and the tenth
phase inverter are connected end to end, and two con-
nection points are respectively connected to drains of the
eleventh transistor and fourteenth transistor and serve
as an output terminal of the shift and latch unit. This em-
bodiment provides a particular implementing manner of
the sub-latch unit.

[0015] Moreover, the level shift circuit also includes a
load matching unit connected to the output terminal of
the shift and latch unit; wherein the shift and latch unit
outputs the target signal at the high voltage domain to
the load through the load matching unit. This embodiment
adds the load matching unit to the level shift unit so as
to meet the need of outputting relative heavy load.
[0016] Moreover, the load matching unit includes at
least a phase inverter. This embodiment provides a par-
ticular implementing manner of the load matching unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] One or more embodiments are exemplified by
the figures in the corresponding drawings, which does
not constitute a limitation to the embodiments. The ele-
ments with the same reference numbers in the drawings
are represented as similar elements. Unless otherwise
stated, the figures in the drawings do not constitute a
proportional limitation.

FIG. 1 is a typical circuit diagram of a high voltage
level shift circuit;

FIG. 2 is a circuit diagram of a level shift circuit ac-
cording to a first embodiment of this application;
FIG. 3 is a schematic diagram of changes of a target
signal input to point A1 and A according to the first
embodiment of the present application;

FIG. 4 is a schematic diagram of changes of the tar-
get signal input to point B1 and B according to the
first embodiment of the present application;

FIG. 5 is a circuit diagram of a level shift circuit ac-
cording to a second embodiment of this application;
FIG. 6 is a circuit diagram of a level shift circuit ac-
cording to a third embodiment of this application;
FIG. 7 is a block schematic diagram of a fingerprint
identification device according to a fourth embodi-
ment of this application.

DETAILED DESCRIPTION

[0018] In order to make the purpose, the technical so-
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lution and the advantages of this application clearer,
some embodiments of the present application are ex-
plained below in details with reference to the accompa-
nying drawings and embodiments. It should be under-
stood that the specific embodiments described here only
explain the application but do not limit the application.
[0019] Referto FIG. 1 which is a typical circuit diagram
of a high voltage level shift circuit. As shown in FIG. 1,
the high voltage level shift circuit includes a MOS (Metal
Oxide Semiconductor) transistor T1, a MOS transistor
T2 and a MOS transistor T9 as phase inverters, as well
as a high voltage MOS transistor T3, a high voltage MOS
transistor T4, a high voltage MOS transistor T5 and a
high voltage MOS transistor T6.

[0020] When the high voltage level shift circuit shown
in FIG. 1 is in a static state, the MOS transistor T9 has a
certain electric leakage because a gate of the MOS tran-
sistor T9 can not be pulled down to a ground potential
(SGND), so the high voltage level shift circuit of the circuit
structure shown in FIG. 1 will inevitably have static power
consumption. Moreover, one of the high voltage MOS
transistors T5 and the high voltage MOS transistor T6
works in a weak inversion region, while the otheris in a
linear region; in this case, there will be a trace amount
of leakage current between a source and a drain of the
high voltage MOS transistor working in the weak inver-
sion region. It takes the leakage current a long time to
become zero. Therefore, working at a high speed will
increase the static power consumption of the high voltage
level shift circuit.

[0021] Besides, when the high voltage level shift circuit
is in a working state, a target signal is input to the high
voltage level shift circuit. When gate voltage Vgs of the
high voltage MOS transistor T5 and the high voltage MOS
transistor T6 is close to a turn-on voltage Vth, one of the
high voltage MOS transistor T5 and the high voltage MOS
transistor T6 needs to enter the linear region from the
weak inversion region. This will slow down the speed of
the high voltage MOS transistor T5 or high voltage MOS
transistor T6 turning into the working state, and then af-
fect the signal transmission speed of the high voltage
level shift circuit.

[0022] In order to solve the aforementioned problem,
this embodiment of the present application provides a
level shift circuit which may effectively reduce static pow-
er consumption of the circuit while performing the target
signal transmission at a high speed.

[0023] A first embodiment of the application relates to
a level shift circuit which can be applied to achieve fast
level shift between a low voltage domain and a high volt-
age domain. Withreference to FIG. 2, the level shift circuit
includes a complementary signal generating unit 10, a
high voltage pulse generating unit 20, and a shift and
latch unit 30.

[0024] In this embodiment, the high voltage pulse gen-
erating unit 20 is connected between the complementary
signal generating unit 10 and the shift and latch unit 30;
wherein, SVDD represents a floating voltage source,
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SGND represents a floating ground and AGND repre-
sents a solid ground.

[0025] The high voltage pulse generating unit 20 is
used to generate high voltage pulse according to a target
signal and a complementary signal provided by the com-
plementary signal generating unit 10.

[0026] The high voltage pulse generating unit 20 in-
cludes a first MOS transistor 1, a second MOS transistor
2, a first high voltage MOS transistor 3, a second high
voltage MOS transistor 4, a first phase inverter 5, a first
delay 6, a second phase inverter 7, and a second delay 8.
[0027] Sources of the first MOS transistor 1 and sec-
ond MOS transistor 2 are connected to the solid ground
AGND, the gates thereof are respectively used to receive
the complementary signal and the target signal; the first
phase inverter 5 and second phase inverter 7 perform a
phase inversion processing to the complementary signal
and the target signal respectively, thus the first delay 6
receives the target signal through the first phase inverter
5 and the second delay 8 receives the complementary
signal through the second phase inverter 7. Sources of
the first high voltage MOS transistor 3 and second high
voltage MOS transistor 4 are respectively connected to
drains of the first MOS transistor 1 and second MOS tran-
sistor 2, and gates thereof are respectively connected to
the first delay 6 and second delay 8 to receive a delayed
target signal and a delayed complementary signal re-
spectively, and drains thereof are used for generating
high voltage pulses.

[0028] The shift and latch unit 30 is used to shift the
target signal from a low voltage domain to a high voltage
domain when the high voltage pulse is generated, and
is used to latch and output the target signal at the high
voltage domain.

[0029] The shift and latch unit 30 includes a third MOS
transistor 9, a fourth MOS transistor 10, a fifth MOS tran-
sistor 11, and a sixth MOS transistor 12; sources of the
third MOS transistor 9 and fourth transistor 10 are both
connected to the solid ground AGND, and drains thereof
arerespectively connected todrains of the fifth MOS tran-
sistor 11 and sixth MOS transistor 12. Sources of the fifth
MOS transistor 11 and sixth MOS transistor 12 are both
connected to the voltage source SVDD; gates of the third
MOS transistor 9 and fifth MOS transistor 11 are both
connected to a drain of the sixth MOS transistor 12, and
gates of the fourth MOS transistor 10 and sixth MOS
transistor 12 are both connected to a drain of the fifth
MOS transistor 11. At least one of drains of the fifth MOS
transistor 11 and sixth MOS transistor 12 is used as an
output terminal (the drain of the sixth MOS transistor is
taken as the output terminal as an example in the figure)
of the shift and latch unit 30 to output the target signal at
the high voltage domain.

[0030] As an alternative embodiment, the drain of the
fifth MOS transistor 11 forms a first output terminal of the
shiftand latch unit 30; the drain of the sixth MOS transistor
12 forms a second output terminal of the shift and latch
unit 30; that is, the drain of the fifth MOS transistor 11
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and the drain of the sixth MOS transistor 12 respectively
form the two output terminals of the shift and latch unit
30. The two output terminals can be respectively con-
nected to two loads or form a pair of differential output
signals. However, this is not limited by this embodiment.
[0031] Inthe above embodiments, the third MOS tran-
sistor 9, the fourth MOS transistor 10, the fifth MOS tran-
sistor 11, and the sixth MOS transistor 12 may be deep-
well ordinary-voltage apparatus, but are not limited to
this.

[0032] Preferably, in this embodiment, the shift and
latch unit 30 further includes a seventh MOS transistor
13 and an eighth MOS transistor 14; sources of the sev-
enth MOS transistor 13 and eighth MOS transistor 14 are
respectively connected to drains of the third MOS tran-
sistor 9 and fourth MOS transistor 10, and sources of the
seventh MOS transistor 13 and eighth MOS transistor 14
are respectively connected to drains thereof, and are fur-
ther connected to the floating ground SGND. The seventh
MOS transistor 13 and the eighth MOS transistor 14 can
limit a current amplitude in the third MOS transistor 9 and
the fourth MOS transistor 10 to prevent voltages in the
third MOS transistor 9 and fourth MOS transistor 10 from
falling too low, so as to protect the third MOS transistor
9 and the fourth MOS transistor 10.

[0033] The complementary signal generating unit 10
is used to receive a target signal at a low voltage domain
and output a complementary signal of the target signal
(hereinafter referred to as a complementary signal) and
the target signal.

[0034] The complementary signal generating unit 10
includes a third phase inverter 15 and a fourth phase
inverter 16 connected in series; an input terminal of the
third phase inverter 15 is used to receive the target signal
at the low voltage domain, and the target signal is con-
verted to a complementary signal through a phase inver-
sion processing by the third phase inverter 15; an output
terminal of the third phase inverter 15 is connected to the
gate of the first MOS transistor 1 and the first phase in-
verter 5. An output terminal of the third phase inverter 15
is used to output a complementary signal. An input ter-
minal of the fourth phase inverter 16 is connected to the
output terminal of the third phase inverter 15, and is used
to perform a phase reversion processing on the comple-
mentary signal output from the third phase inverter 15 to
restore it to the target signal; an output terminal of the
fourth phase inverter 16 is connected to a gate of the
second MOS transistor 2 and the second phase inverter,
and the output terminal of the fourth phase inverter 16 is
used to output the target signal.

[0035] In this embodiment, the complementary signal
generating unit 10 may also include only the third phase
inverter 15 to output the complementary signal of the
target signal to the first MOS transistor 1 and the first
phase inverter 5; besides, the target signal is directly in-
put to the fourth phase inverter 16 and the second MOS
transistor 2, so that it is not necessary to set the fourth
phase inverter 16 to restore the complementary signal
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to the target signal. However, this is not limited in this
embodiment.

[0036] Preferably, the level shift circuit in this embod-
iment further includes a load matching unit 40 which is
connected to an output terminal of the shift and latch unit
30. The load matching unit40 includes at leastone phase
invert 41; the shift and latch unit 30 outputs the target
signal at the high voltage domain to the load through the
load matching unit 40, which satisfies a need for output
of a relative heavy load. A phase inverter 41 of the load
matching unit 40 can be a phase inverter composed of
deep-well ordinary-voltage apparatus. However, this is
not limited in this embodiment.

[0037] A principle of the level shift circuit in this em-
bodiment is as follows:

[0038] When the level shift circuit is in a static state,
no target signal VIN is input to the complementary signal
generating unit 10 of the level shift circuit, and the input
of the circuit is kept at a low level or high level, that is,
the input of the circuit is maintained at a low level of 0 or
a high level of 1. That the input of the circuit is kept at a
low level of 0 will be taken as an example in the following
description. When the input of the circuit is kept at a low
level of 0, the input signal is converted to the high level
of 1 after being processed by the third phase inverter 15,
so the gate of the first MOS transistor 1 receives the high
level of 1 and is turned on. However, the high level of 1
received by the first phase inverter 5 is output through
the first delay 6 to the first high voltage MOS transistor,
and before that, due to the existence of the first phase
inverter 5, the signal received by the gate of the first high
voltage MOS transistor 3 is a low level of 0; therefore,
the level shift circuit is in an off state. At this point, there
is no current in the level shift circuit, so there is no static
power consumption. When the input of the circuit main-
tains at a low level of 0, the input signal is converted to
a high level of 1 after being processed by the third phase
inverter 15, and is converted to a low level of 0 after being
processed by the fourth phase inverter 16, the low level
received by the second phase inverter 7 is output to the
second high voltage MOS transistor 4 through the second
delay 8, and before that, due to the existence of the sec-
ond phase inverter 7, the signal received by the gate of
the second high voltage MOS transistor 4 is a high level
of 1 and turns it on; however, the signal received by the
gate of the second MOS transistor 2 is a low level of 0;
therefore, the level shift circuit is in an off state. At this
point, there is no current in the level shift circuit, so there
is no static power consumption. In view of the foregoing,
there is no power consumption when the level shift circuit
is in a static state.

[0039] When the level shift circuit is in a working state,
the target signal VIN is input to the level shift circuit, and
the target signal VIN may be specifically a square wave
signal that periodically changes (i.e., from 0 to 1, and
from 1 to 0). With reference to FIG. 3, the signal change
diagram (that the delay of the first delay 6 is 1/4 of a cycle
is taken as an example) that the target signal is input
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from the third phase inverter 15 to a point A1 (i.e., the
gate of the first MOS transistor) and that the target signal
is input from the third phase inverter 15 to a point A (the
gate of the first high voltage MOS transistor 3) through
the first delay 6 is taken as an example for description.

[0040] When the target signal VIN changes from the
low level of 0 to the high level of 1, the target signal VIN
is input through the third phase inverter 15 to the point
A1 as the low level of 0 (i.e. the complementary signal),
and the low level of 0 output by the third phase inverter
15is converted to the high level of 1 after being converted
by the first phase inverter 5; due to the existence of the
first delay 6, the signal is not immediately input to the
point A, so by the delay, what is input to the point A is
the high level of 1. When the target signal VIN changes
from the high level of 1 to the low level of 0, the target
signal VIN is input through the third phase inverter 15 to
the point A1 as the high level of 1. Due to the delay of
the first delay 6, the signal input to the point A between
the time period of t4 to t, is still the high level of 1, until
after the delay of the first delay 6 (after t,), the signal
input to the point Ais changed to the low level of 0. There-
fore, when the target signals input to the point A1 and
the point A are both 1 during the delay (i.e., t; to t,), the
first high voltage MOS transistor 3 and the first MOS tran-
sistor 1 are both turned on to form a pulse current C. As
canbe seenfrom FIG. 3, the pulse current C is generated
only at a falling edge (from 1 to 0) of the target signal
VIN, and the duration is a delay (i.e., t; to t,); when the
target signal VIN is in the down rising edge, the pulse
current C can pull down the level at a point E (i.e., the
drain of the fifth MOS transistor 11) (the level of the static
state at the E point is the level of the voltage source
SVDD, and after being pulled down, it enters the high
voltage domain needed by the target signal VIN), i.e., to
make the target signal VIN to shift from the low voltage
domain to the high voltage domain. The shift and latch
unit 30 can latch the level of the high voltage domain,
and then output the target signal at the high voltage do-
main through a point F (i.e. the drain of the sixth MOS
transistor 12), or output the target signal at the high volt-
age domain by the load matching unit 40.

[0041] Thethird phaseinverter 15and the fourth phase
inverter 16 enable the target signal VIN to generate two
complementary signals at the point A1 (i.e., the gate of
the first MOS transistor 1) and a point B1 (i.e., the gate
of the second MOS transistor 2). Therefore, a working
process that the complementary signal formed by the
target signal VIN through the third phase inverter 15 is
further input from the fourth phase inverter 16 to the point
B1, and that the complementary signal is input from the
fourth phase inverter 16 to the point B (i.e., the gate of
the second high voltage MOS transistor 4) through the
second phase inverter 7 and the second delay 8 are also
about the same. Refer to FIG. 4 which is a signal change
diagram of the points B1 and B with changes to the target
signal VIN (the delay of the second delay 8 is a 1/4 of a
cycleis taken as an example in the figure). The difference
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lies in that the pulse current D is generated only when
the target signal VIN is in the rising edge (i.e., from 0 to
1). When the target signal VIN is in the rising edge, the
pulse current D can pull down the level of the pointF (i.e.,
the drain of the sixth MOS transistor 12) (the level of the
static state at the F pointis SVDD, and it enters the high
voltage domain needed by the target signal after it is
pulled down), i.e., to make the target signal VIN to shift
from the low voltage domain to the high voltage domain.
The shift and latch unit 30 can latch the level and then
directly output the target signal at the high voltage do-
main, or output the target signal at the high voltage do-
main by the load matching unit 40.

[0042] Compared with existing technlogies, in this em-
bodiment, when the level shift circuit is in a static state,
the first MOS transistor and the first high voltage MOS
transistor will not be in the ON state at the same time, so
there is no turn-on current in the branch where the first
MOS transistor and the first high voltage MOS transistor
belong; correspondingly, the second MOS transistor and
the second high voltage MOS transistor will not be in the
ON state atthe same time, and there is no turn-on current
in the branch where the second MOS transistor and the
second high voltage MOS transistor belong. Therefore,
the level shift circuit can effectively reduce the overall
static power consumption of the circuit while transmitting
the target signal at a high speed.

[0043] A second embodiment of the present applica-
tion relates to a level shift circuit, which is roughly the
same as the first embodiment, and the main difference
is that in this embodiment, with reference to FIG. 5, an-
other structure of the shift and latch unit 30 is provided.
[0044] In this embodiment, the shift and latch unit 30
includes a first shift branch 31, a second shift branch 32,
and a sub-latch unit 33.

[0045] Input terminals of the first shift branch 31 and
second shift branch 32 are respectively connected to the
voltage source SVDD, and shift terminals of the first shift
branch 31 and second shift branch 32 are respectively
connected to the drains of the first high voltage MOS
transistor 3 and the second high voltage MOS transistor
4, so as to respectively shift the target signal from the
low voltage domain to the high voltage domain when high
voltage pulses are generated.

[0046] The first shift branch 31 includes a third high
voltage MOS ftransistor 17, and the second shift branch
32 includes a fourth high voltage MOS transistor 18;
sources of the third high voltage MOS transistor 17 and
fourth high voltage MOS transistor 18 are both connected
to the voltage source, gates thereof are both connected
to the floating SGND, and drains thereof are respectively
connected to the drains of the first high voltage MOS
transistor 3 and second high voltage MOS transistor 4
and are respectively used as the shift terminals of the
first shift branch 31 and second shift branch 32.

[0047] The sub-latch unit 33 is connected to the shift
terminals of the first shift branch 31 and second shift
branch 32 so as to latch and output the target signal at
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the high voltage domain.

[0048] A sub-latch unit 33 includes an eleventh MOS
transistor 23, a twelfth MOS transistors 24, a thirteenth
MOS transistors 25, a fourteenth MOS transistors 26, a
fifth phase inverter 19, a sixth phase inverter 20, a sev-
enth phase inverter 21, an eighth phase inverter 22, a
seventh phase inverter 27 and a tenth phase inverter 28;
input terminals of the fifth phase inverter 19 and sixth
phase inverter 20 are respectively connected to shift ter-
minals of the first shift branch 31 and second shift branch
32 (i.e., the drains of the first high voltage MOS transistor
3 and second high voltage MOS ftransistor 4), respec-
tively receiving the target signal at the high voltage do-
main and outputting the target signal at the high voltage
domain and that has been through a phase reversion
processing; input terminals of the seventh phase inverter
21 and eighth phase inverter 22 are respectively con-
nected to output terminals of the fifth phase inverter 19
and sixth phase inverter 20, receiving the target signal
at the high voltage domain and that has been through a
reversion processing and outputting the restored target
signal at the high voltage domain; drains of the eleventh
MOS transistor 23 and twelfth MOS transistor 24 are con-
nected, gates thereof are respectively connected to out-
put terminals of the seventh phase inverter 21 and sixth
phase inverter 20, receiving the target signal at the high
voltage domain and the target signal at the high voltage
domain and that has been through a phase reversion
processing; drains of the thirteenth MOS transistors 25
and fourteenth MOS transistors 26 are connected, gates
thereof respectively connected to output terminals of the
fifth phase inverter 19 and eighth phase inverter 22, re-
ceiving the target signal at the high voltage domain and
that has been through a phase reversion processing and
the target signal at the high voltage domain; sources of
the eleventh MOS transistor 23 and fourteenth MOS tran-
sistor 26 are both connected to the voltage source SVDD,
and sources of the twelfth MOS transistor 24 and thir-
teenth MOS transistor 25 are both connected to the float-
ing ground SGND; the ninth phase inverter 27 and the
tenth phase inverter 28 are connected end to end, and
two connection points M and N are respectively connect-
ed to drains of the eleventh MOS transistor 23 and four-
teenth MOS transistor 26 and are used as the output
terminals of the shift and latch unit 30 to latch the target
signal at the high voltage domain.

[0049] In this embodiment, the load matching unit 40
includes two phase inverters. As two output terminals of
the shift and latch unit 30, the connection points M and
N are respectively connected to a phase inverter 42 and
a phase inverter 43 (this is taken as an example in the
figure). Apart from this, the load matching unit 40 may
only include one phase inverter with one of the connec-
tion points M and N (which are two output terminals of
the shift and latch unit 30) connected to the phase invert-
er.

[0050] A principle of the high voltage level shift circuit
in this embodiment is as follows:
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[0051] When the level shift circuit is in a static state,
no target signal VIN is input to the complementary signal
generating unit 10 of the level shift circuit, and the input
of the circuit is kept at a low level or high level, that is,
the input of the circuit is maintained at a low level of 0 or
a high level of 1. That the input of the circuit is kept at a
low level of 0 will be taken as an example in the following
description. When the input of the circuit is kept at a low
level of 0, the input signal is converted to the high level
of 1 after being processed by the third phase inverter 15,
so the gate of the first MOS transistor 1 receives the high
level of 1 and is turned on; however, the high level of 1
received by the first phase inverter 5 is output through
the first delay 6 to the first high voltage MOS transistor,
and before that, due to the existence of the first phase
inverter 5, the signal received by the gate of the first high
voltage MOS transistor 3 is a low level of 0; therefore,
the level shift circuit is in an off state. At this point, there
is no current in the level shift circuit, so there is no static
power consumption; because there is no current in the
level shift circuit, the third high voltage MOS transistor
17 will not enter the subthreshold region. When the input
of the circuit maintains at a low level of 0, the input signal
is converted to the high level 1 after being processed by
the third phase inverter 15, then is converted to a low
level 0 after being processed by the fourth phase inverter
16, and the low level received by the second phase in-
verter 7 is output to the second high voltage MOS tran-
sistor 4 through the second delay device 8, and before
that, due to the existence of the second phase inverter
7, the signal received by the gate of the second high
voltage MOS transistor 4 is the high level 1 and turns it
on; however, the signal received by the gate of the sec-
ond MOS transistor 2 is a low level of 0; therefore, the
level shift circuit is in an off state. At this point, there is
no current in the level shift circuit, so there is no static
power consumption; because there is no current in the
level shift circuit, the fourth high voltage MOS transistor
18 will not enter the subthreshold region. In view of the
foregoing, there is no power consumption when the level
shift circuit is in a static state. Moreover, since the third
high voltage MOS transistor 17 and the fourth high volt-
age MOS transistor 18 do not enter the subthreshold re-
gion, it will not affect the high speed transmission of the
signal when the level shift circuit enters from the static
state into a working state.

[0052] When the level shift circuit is in the working
state, the target signal VIN is input to the level shift circuit,
and the target signal VIN may be specifically a square
wave signal that periodically changes (i.e., from 0 to 1,
and from 1 to 0). With reference to FIG. 3, the signal
change diagram (that the delay of the first delay 6 is 1/4
of a cycle is taken as an example) that the target signal
is input from the third phase inverter 15 to the point A1
(i.e., the gate of the first MOS transistor) and through the
firstdelay 6 to the point A (the gate of the first high voltage
MOS transistor 3) is taken as an example for description.
[0053] When the target signal VIN changes from the
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low level of 0 to the high level of 1, the target signal VIN
is through the third phase inverter 15 input to the A1 point
as the low level of O (i.e. a complementary signal), and
the low level of 0 output by the third phase inverter 15 is
converted to the high level of 1 after being processed by
the first phase inverter 5; due to the existence of the first
delay 6, the target signal is not immediately input to the
point A, so through the delay, what is input to the point
Alis the high level of 1. When the target signal VIN chang-
es from the high level of 1 to the low level of 0, the target
signal VIN is input through the third phase inverter 15 to
the point A1 as the high level of 1. Due to the delay of
the first delay 6, the signal input to the point A between
the time period of t; to t, is still the high level 1, until after
the delay of the first delay 6 (after t,), the signal input to
the point A is changed to the low level of 0. Therefore,
when the target signals input to the point A1 and the point
A are both 1 during the delay (i.e., t; toty), A1 and A are
turned on through the first high voltage MOS transistor
3 and the first MOS transistor 1 to form a pulse current
C. As can be seen from FIG. 3, the pulse current C is
generated only at a falling edge (from 1 to 0) of the target
signal VIN, and the duration is a delay (i.e., t; to t,); when
the target signal VIN is in the down rising edge, the pulse
current C enters the input terminal of the fifth phase in-
verter 19 from the shift terminal of the first shift branch
31 (i.e., the drain of the third high voltage MOS transistor
17), and generates a downward pulse voltage at the input
terminal of the fifth phase inverter 19, and a point E (i.e.,
the input of the seventh phase inverter 21) generates an
upward pulse voltage, the pulse voltage is simultaneous-
ly transmitted into the gate of thirteenth MOS transistor
25, a point G (i.e., the gate of eleventh MOS transistor
23) generates a downward pulse voltage, at this time,
the eleventh MOS transistors 23 and thirteenth MOS
transistors 25 are turned on, and a level of a point J (i.e.
the drain of the eleventh MOS transistor 23) is pulled to
the voltage source SVDD, and a level of a point K (i.e.,
the drain of the fourteenth MOS transistor 26) is pulled
to the floating terminal SGND. The ninth phase inverter
27 and tenth phase inverter 28 can latch the levels of the
high voltage domain of the two points, then directly output
the target signal VIN at the high voltage domain, or output
the target signal VIN at the high voltage domain by the
load matching unit 40.

[0054] Thethird phase inverter 15and the fourth phase
inverter 16 enable the target signal VIN to generate two
complementary signals at the point A1 (i.e., the gate of
the first MOS transistor 1) and the point B1 (i.e., the gate
of the second MOS transistor 2). Therefore, a working
process that the complementary signal formed by the
target signal VIN through the third phase inverter 15 is
further input from the fourth phase inverter 16 to the point
B1, and that the complementary signal is input from the
third phase inverter 15 to the point B (i.e., the gate of the
second high voltage MOS transistor 4) through the sec-
ond phase inverter 7 and the second delay 8 are also
about the same. Refer to FIG. 4 which is a signal change
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diagram of the points B1 and B with changes to the target
signal VIN (the delay of the second delay 8 is a 1/4 of a
cycle is taken as an example in the figure). The difference
lies in that the pulse current D is generated only when
the target signal VIN is in the rising edge (i.e., from 0 to
1). When the target signal VIN is in the rising edge, the
pulse current D enters the input terminal of the sixth
phase inverter 20 from the shift terminal of the second
shift branch 32 (i.e., the drain of the fourth high voltage
MOS transistor 18), and generates an upward pulse volt-
age at the input terminal of the sixth phase inverter 20,
and the point F (i.e., the input of the eighth phase inverter
22) generates a downward pulse voltage, the pulse volt-
age is simultaneously input to the gate of the twelfth MOS
transistor 24, the point H (i.e., the gate of fourteenth MOS
transistor 26) generates an upward pulse voltage, at this
time, the twelfth MOS transistors 24 and fourteenth MOS
transistors 26 are turned on, and the level of the point K
(i.e. the drain of the fourteenth MOS transistor 26) is
pulled to the voltage source SVDD, and the level of the
point J (i.e., the drain of the eleventh MOS transistor 23)
is pulled to the floating terminal SGND. The ninth phase
inverter 27 and tenth phase inverter 28 can latch the lev-
els of the high voltage domain of the two points, then
directly output the target signal VIN at the high voltage
domain, or output the target signal VIN at the high voltage
domain by the load matching unit 40.

[0055] Compared with the first embodiment, this em-
bodiment provides another specific structure of the shift
and latch unit.

[0056] A third embodiment of the application relates to
a level shift circuit, which is roughly the same as the sec-
ond embodiment, and the main difference is that in this
embodiment, with reference to FIG. 6, another structure
of a shift branch is provided.

[0057] In this embodiment, a first shift branch 31 in-
cludes a fifth high voltage MOS transistor 29 and a ninth
MOS transistor 30, and a second shift branch 32 includes
a sixth high voltage MOS transistor 31 and a tenth MOS
transistor 32.

[0058] Drains of the fifth high voltage MOS transistor
29 and sixth high voltage MOS transistor 31 are respec-
tively connected to the drains of the first high voltage
MOS transistor 3 and second high voltage MOS transis-
tor 4, gates thereof both connected to a floating ground
SGND; sources of the ninth MOS transistor 30 and tenth
MOS transistor 32 are connected to the voltage source,
gates thereof both connected to the floating ground
SGND, and drains of the ninth MOS transistor 30 and
tenth MOS transistor 32 respectively connected to the
sources of the fifth high voltage MOS transistor 29 and
sixth high voltage MOS transistor 31 and respectively
serve as shift terminals of the first shift branch 31 and
second shift branch 32.

[0059] A principle of the high voltage level shift circuit
in this embodiment is about the same as that in the sec-
ond embodiment and will not be repeated.

[0060] Compared with the second embodiment, this
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embodiment provides another structure of the shift
branch, and the ninth MOS transistor and tenth MOS
transistor protect the fifth high voltage MOS transistors
and the sixth high voltage MOS transistor and the sub-
latch unit respectively.

[0061] A fourth embodiment of the application relates
to a fingerprint identification device. In this embodiment,
with reference to FIG. 7, the fingerprint identification de-
vice includes a control circuit 1, a fingerprint sensing chip
2 and the level shift circuit 3 described in any one of the
first embodiment to the third embodiment.

[0062] The level shift circuit 3 is connected between
the control circuit 1 and the fingerprint sensing chip 2;
[0063] The control circuit 1 is used to generate a target
signal at a low voltage domain (e.g., 1.8V);

[0064] The level shift circuit 3 is used to receive the
target signal at the low voltage domain and output a target
signal at a high voltage domain (e.g., being 3.6 to 14.4V)
to the fingerprint sensing chip 2.

[0065] In this embodiment, the control circuit 1 gener-
ates the target signal at the low voltage domain and trans-
mits it to the level shift circuit 3. After being shifted by the
level shift circuit 3, the target signal at the low voltage
domain is shifted to the target signal at the high voltage
domain which is then output to the fingerprint sensing
chip 2.

[0066] Compared with the prior art, the present em-
bodiment provides a fingerprint identification device ca-
pable of shifting a target signal from a low voltage domain
to a high voltage domain.

[0067] Those ordinarily skilled in the art may under-
stand that the above-mentioned embodiments are spe-
cific embodiments for implementing this application. In
practical applications, various changes can be made in
form and in detail without deviating from the spirit and
scope of the application.

Claims

1. Alevelshiftcircuit, comprising: a complementary sig-
nal generating unit, a high voltage pulse generating
unit, and a shift and latch unit;
the complementary signal generating unit is used to
receive the target signal at a low voltage domain and
output a complementary signal of the target signal
and the target signal;
the high voltage pulse generating unit comprises a
first transistor, a second transistor, a first high volt-
age transistor, a second high voltage transistor, a
first phase inverter, a first delay, a second phase
inverter and a second delay; sources of the first tran-
sistor and second transistor are grounded, and gates
thereof are used to receive the complementary sig-
nal and the target signal respectively; the first delay
receives the complementary signal through the first
phase inverter and the second delay receives the
target signal the second phase inverter; sources of

10

15

20

25

30

35

40

45

50

55

the first high voltage transistor and second high volt-
age transistor are respectively connected to drains
of the first transistor and second transistor, gates
thereof are respectively connected to the first delay
to receive the target signal and the second delay to
receive the complementary signal, and drains there-
of are respectively used to generate the high voltage
pulses;

the shift and latch unit is used to shift the target signal
from a low voltage domain to a high voltage domain
when the high voltage pulse is generated, and is
used to latch and output the target signal at the high
voltage domain.

The level shift circuit according to claim 1, wherein
the shift and latch unit comprises a third to a sixth
transistors; sources of the third transistor and fourth
transistor are grounded, drains thereof are connect-
ed to drains of the fifth transistor and sixth transistor,
and sources of the fifth transistor and six transistor
are connected to a voltage source; gates of the third
transistor and fifth transistor are connected to the
drain of the sixth transistor, and gates of the fourth
transistor and sixth transistor are connected to the
drain of the fifth transistor; at least one of the drain
of the fifth transistor and the drain of the sixth tran-
sistor forms an output terminal of the shift and latch
unit to output the target signal at the high voltage
domain.

The level shift circuit according to claim 3, wherein
the shift and latch unit further comprises a seventh
transistor and an eighth transistor, sources of the
seventh transistor and eighth transistor are respec-
tively connected to the drains of the third transistor
and fourth transistor, and drains and gates of the
seventh transistor and eighth transistor are all
grounded.

The level shift circuit according to any one of claims
1 to 3, wherein the complementary signal generating
unit comprises a third phase inverter and a fourth
phase inverter connected in series;

an input terminal of the third phase inverter is used
toreceive the target signal at the low voltage domain,
an output terminal of the third phase inverter is con-
nected to the gate of the first transistor and the first
phase inverter, and the output terminal of the third
phase inverter is used to output the complementary
signal;

an output terminal of the fourth phase inverter is con-
nected to the gate of the second transistor and the
second phase inverter, and the output terminal of
the fourth phase inverter is used to output the target
signal.

The level shift circuit according to claim 1, wherein
the shift and latch unit comprises a first shift branch,
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a second shift branch and a sub-latch unit;

input terminals of the first shift branch and second
shift branch are respectively connected to the volt-
age source, and shift terminals thereof are respec-
tively connected to the drains of the first high voltage
transistor and second high voltage transistor, to re-
spectively shift the target signal from the low voltage
domain to the high voltage domain when the high
voltage pulse is generated;

the sub-latch subunit is connected to the shift termi-
nals of the first shift branch and second shift branch
to latch and output the target signal at the high volt-
age domain.

The level shift circuit according to claim 5, wherein
the first shift branch comprises a third high voltage
transistor and the second shift branch comprises a
fourth high voltage transistor;

sources of the third high voltage transistor and fourth
high voltage transistor are connected to the voltage
source, gates thereof are grounded, and drains
thereof are respectively connected to the drains of
the first high voltage transistor and second high volt-
age transistor and respectively serve as the shift ter-
minals of the first shift branch and second shift
branch.

The level shift circuit according to claim 5, wherein
the first shift branch comprises a fifth high voltage
transistor and a ninth high voltage transistor, and the
second shift branch comprises a sixth high voltage
transistor and a tenth transistor;

drains of the fifth high voltage transistor and sixth
high voltage transistor are respectively connected to
the drains of the first high voltage transistor and sec-
ond high voltage transistor, gates thereof are
grounded; sources of the ninth transistor and tenth
transistor are connected to the voltage source, gates
thereof are grounded, and drains thereof are respec-
tively connected to sources of the fifth high voltage
transistor and sixth high voltage transistor and re-
spectively form shift terminals of the first shift branch
and second shift branch.

The level shift circuit according to any one of claims
5to 7, wherein the sub-latch unit comprises an elev-
enth to a fourteenth transistors and a fifth to a tenth
phase inverters;

input terminals of the fifth phase inverter and sixth
phase inverter are respectively connected to the shift
terminals of the first shift branch and second shift
branch, and input terminals of the seventh phase
inverter and eighth phase inverter are respectively
connected to output terminals of the fifth phase in-
verter and sixth phase inverter; and drains of the
eleventh transistor and twelfth transistor are con-
nected, and gates thereof are respectively connect-
ed to output terminals of the seventh phase inverter
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10

10.

1.

and sixth phase inverter; drains of the thirteenth tran-
sistor and fourteenth transistor are connected, and
gates thereof are respectively connected to output
terminals of the fifth phase inverter and eighth phase
inverter; sources of the eleventh transistor and four-
teenth transistor are connected to the voltage
source, and sources of the twelfth transistor and thir-
teenth transistor are grounded; a ninth phase invert-
er and a tenth phase inverter are connected end to
end, and two connection points are respectively con-
nected to the drains of the eleventh transistor and
fourteenth transistor and serve as output terminals
of the shift and latch unit.

The level shift circuit according to any one of claims
1 to 8, wherein the level shift circuit also comprises
aload matching unit connected to an output terminal
of the shift and latch unit.

wherein the shift and latch unit outputs the target
signal at the high voltage domain to the load through
the load matching unit.

The level shift circuit according to claim 9, wherein
the load matching unit comprises at least one phase
inverter.

Afingerprint identification device, comprising: a con-
trol circuit, a fingerprint sensing chip and the level
shift circuit according to any one of claims 1 to 10;
the level shiftcircuitis connected between the control
circuit and the fingerprint sensing chip;

the control circuit is used to generate the target signal
at the low voltage domain;

the level shift circuit is used to receive the target sig-
nal at the low voltage domain and output the target
signal at the high voltage domain to the fingerprint
sensing chip.
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